Introduction
The threshold of a new era will shortly dawn for technologically savvy tourists. Indeed some speculate that it is already here. Developments in Internet technologies, for example, have radically altered the nature of some traditional tourist-related industries while simultaneously offering exciting new opportunities for others. Airline reservations are a case in point. Portal sites specific to travel and tourism issues already exist as Internet resources. Hotels that pride themselves on their traditional old-world style opulence and courtesy use state-of-the-art e-com-tion-sensing mechanism; for guide, read online access to a data repository endowed with rich multimedia content, spatial data, and other relevant upto-date content.
In this article, the implementation of one such electronic tour guide, HIPS (Hyper Interaction in Physical Space), is described. In particular, how information can be both adapted and personalized to an individual's context before being delivered is considered. In particular, emphasis is placed on advances in cellular telecommunications and position-sensing technologies, both of which are essential for delivering such services to the tourist's laptop or PDA.
This article is organized as follows. The second section outlines some related research in this area. Recent developments in wireless communications and location aware technologies are described in some detail in the third and fourth sections, respectively. In the fifth section, the main components of the HIPS electronic tour guide are introduced. In the final section, some conclusions are drawn and areas for further research are identified.
Related Research
A number of research disciplines in computer science have found the tourism area a useful domain for their theories and applications. These disciplines range from advanced Artificial Intelligence (AI)-based techniques to technologies based on Geographic Information Systems (GIS) and studies in both Wearable Computing and Augmented Reality. It is instructive to note that there have been a substantial number of studies concerning tourist behavior in indoor environments and various solutions have been proposed to enhance the experience of the tourist exploring a museum or art gallery (Oberlander, Mellish, O'Donnell, & Knott, 1997; Oppermann & Specht, 1999) . The reasons for this are obvious: in an indoor environment, a prospective researcher has greater latitude to observe a tourist's behavior and can, to some extent, control the environment. Such is not the case outdoors. For the purposes of this article, discussion is limited to the scenarios involving outdoor tourists.
One concept of particular interest is the notion of context-aware computing. According to the Oxford Concise Dictionary, context can be formally defined as "the interrelated conditions in which something occurs." A few examples will illustrate how this definition might be practically applied in the computing area. Sophie stores her daily schedule on her PDA. While attending a meeting, a colleague attempts to phone her. Having determined that Sophie is at a meeting and would not welcome any interruptions, her PDA, equipped with some context-sensitive software, can perform a number of actions. It could, for example, inform the caller that Sophie is at a meeting and recommend calling her when it is finished. Depending on the caller ID, it might redirect the call to her home answering machine if the call is personal. Alternatively, if it is business related, it could be redirected to her office. The PDA might also remind Sophie after the meeting that a call is waiting on her answering machine. In another scenario, Sandra is rambling about a city and, feeling hungry, she would like to know where the nearest restaurant specializing in her favorite Italian food is located. Consulting her PDA, a list of restaurants is presented, ordered by distance, and annotated with some additional information like price, for example, which Sandra can use to make her selection. Using position as basis for offering services to users is one idea that that has caught the imagination of the business community and has given rise to the terms location-aware services and proximity services. Indeed, this market is projected to grow substantially over the next few years. However, it is important to note that location is just one element that can be used when delivering context-aware services (Schmidt, Beigl, & Gellersen, 1998) .
Numerous exemplar research systems in the context-aware computing area have been developed. As part of their research in this area, Georgia Institute of Technology has developed Cyberguide (Abowd et al., 1997) . The key objective for Cyberguide was to provide a subset of those services that tourists would normally expect from a real tour guide, via electronic means. Likewise, the Distributed Multimedia Research group at Lancaster University has developed GUIDE (Davies, Mitchell, Cheverst, & Blair, 1998) , a context-sensitive tourist guide for the city of Lancaster. Other groups that have developed electronic tourist guides as part of their research include Carnegie Mellon University, where investigations into Augmented Reality and Wearable Computing yielded SmartSight (Yang, Yang, Denecke, CONTEXT-SENSITIVE TOURIST GUIDE 37 & Waibel, 1999) . Researchers at SRI International have developed TravelMATE (Julia & Bing, 1999) , a tour guide for the city of San Francesco as part of their research into Multi-Agent Systems (MAS) and multimodal user interfaces. While investigating the provision of a generic platform for location-aware services and applications, the Technical University of Berlin developed Mobile Guide (Pfeifer & Popescu-Zeletin, 1999) , an electronic tourist guide for the center of Berlin.
Advances in Cellular Telecommunications
Though the concept of wireless cellular telecommunications was defined shortly after the end of World War II, it was not until the 1980s that such systems were ready for widespread deployment. Although adequately supporting voice, these legacy networks, generally termed first-generation (1G) networks, did not support data services. The most important of these 1G systems are outlined in Table 1 .
By the end of the 1980s, it was evident that the 1G networks were becoming obsolete. New communication techniques utilizing digital techniques promised more effective use of the available radio spectrum as well as the provision of a wider range of services to consumers. Among these would be services based on wireless data including fax and text-based message services. These networks, based on digital technologies, are generally referred to as second-generation (2G) networks, the most popular of which are outlined in Table 2 . Most networks deployed throughout the world today are of the 2G variety.
The most successful 2G system is the Global System for Mobile Communications (GSM). This was an original European initiative designed to replace the multiple incompatible 1G systems that had been previously deployed across the continent, with a single standard to which all network operators would adhere. Among the criteria laid down for the proposed system were good speech quality, low terminal cost, an ability to support handheld terminals, and, most importantly, support for international roaming (Scourias, 1995) . It must also be observed that the development of GSM was influenced by the economic and political situation prevailing in Europe at that time [i.e., the impending political unification of the European Community (EC)] (Redl, Weber & Oliphant, 1995) .
Though 2G networks represent the de facto standard throughout the world today, there is one critical limitation, namely data rates. For example, GSM supports a data rate of 9.6 kb/s. While this was seen as adequate when GSM was on the drawing board, this is obviously no longer the case. Today, users want to surf the World Wide Web (WWW) from their PDA or mobile phone. With its rich multimedia con- (Oliphant, 1999) :
• support for roaming between different 3G network operators; • a data rate of 144kb/s for users moving quickly (i.e., vehicles);
• a data rate of 384 kb/s for pedestrians;
• a data rate of 2 Mb/s in a low mobility or office environment.
The financial risks for companies deploying 3G networks are considerable. With this in mind, some operators are migrating to 3G in incremental steps through the deployment of what is commonly termed 2.5G technologies. In the case of GSM operators, this path might include deploying the General Packet Radio Service (GPRS) (Bettstetter, Vögel, & Eberspächer, 1999) , followed by Enhanced Datarates for GSM Evolution (EDGE) (Furuskär, Näslund, & Olofsson, 1999 )-based technologies, before taking the final jump to a full 3G solution. Network operators in Japan are, however, biting the bullet and are in the process of migrating to 3G. Indeed, some services based on 3G are already being offered to subscribers in Japan.
What will happen after 3G networks have been deployed is a matter of conjecture at this stage. Nevertheless, some researchers are actively involved in laying the foundations for fourth-generation (4G) networks and the interested reader is referred to Varshney and Jain (2001) for further information.
Determining the Position of Mobile Users
It seems to be part of the human condition that people need to know where they are at all times. Indeed, if for some reason they do not, little time is lost in rectifying the situation. While cartography has existed for centuries, as have methods of estimating one's position, it was not until the 17th century when the sextant was developed that position could be determined in an accurate and consistent manner. However, this current electronic age offers its own alternatives. Modern GIS software supports electronic map formats while simultaneously offering advanced techniques for manipulating geo-spatial and temporal data. Whereas ancient mariners used sextants, their descendants ply their trade on ships equipped with accurate electronic systems that utilize satellite signals and radio transmitters. Though numerous techniques exist for determining position, the most popular technologies currently use satellites; but in the near future they are also expected to incorporate techniques based on cellular telephony.
Satellite Systems
One of the results of the Russian space program in the 1950s was the possibility of using signals broadcast from space to determine position. However, it was not until the 1980s that such systems became practical. As the Cold War was still ongoing, both the US and Russia developed their own systems. The Russian effort, GLONASS, however, has not been fully maintained due primarily to a lack of financial resources in the former Soviet Union. In contrast, the US system GPS reached full operational capacity in 1995 and has remained fully operational. Though the accuracy of GPS was downgraded deliberately to about 100 meters, a process known as Selective Availability (SA), this practice was discontinued in 2000. In general, position readings are accurate to within 20 meters. Today, GPS covers the whole globe and provides users worldwide with both a precise position fix in three dimensions and a precise time reading using global time standards. It has a large user base and has been incorporated in areas as diverse as agriculture, mapping and emergency services. Indeed, GPS has been so successful that the European Commission is developing its own alternative: GALILEO (Benedicto, Dinwiddy, Gatti, Lucas, & Lugert, 2000) .
Though an accuracy of 20 meters is adequate for numerous applications, nevertheless there are areas where a better position reading is required. It was observed that the errors associated with GPS measurements were similar for users located relatively near each other and that these errors changed slowly over time. Therefore, if the absolute position of a GPS receiver was known, the error could be calculated and, by broadcasting the error calculation, suitably equipped users could correct their position readings. This concept is the basis of Differential GPS (DGPS). Some commercial organizations offer a subscription-based DGPS service. However, the increased popularity of DGPS as an aid to maritime navigation has led to some organizations broadcasting the corrections free of charge. It should be noted, however, that a user needs more expensive equipment to use this service.
Cellular Network Techniques
A number of techniques have been developed that utilize the inherent structure and features of cellular telecommunications networks to estimate position. Research in this area has increased as a result of the E-911 directive from the Federal Communications Commission (FCC) in the US, which obliges network operators to include functionality for determining the location of emergency calls. The most important of these techniques are now described.
Cell Identification (Cell-ID) is an easy and quick method to locate a user. If the geographic location of the base station to which the user is currently attached is known, then the position of the user is restricted to within the cell radius served by the base station. The big disadvantage is that the size of cells can vary substantially between rural and urban areas, leading to variations in position accuracy.
Timing Advance (TA) is based on the existing GSM TA parameter that is used for synchronizing between the handset and the base station. It can be used to calculate the amount of time the signal needed in order to reach the handset. Calculating the distance between the user and the base station is then relatively simple. Unfortunately, distances can only be calculated to a precision of about 550 meters.
Time of Arrival (TOA) requires measuring the propagation time between a handset and three base stations. From this three circles can be drawn and the intersection will give the position of the user. However, signal propagation delays can introduce errors into the final calculation. In addition, there may not always be three base stations available. This is particularly true in rural areas.
Enhanced Observed Time Difference (E-OTD)
requires the measurement of the time difference between three signals from different base stations. Using this, hyperbolic curves can be constructed, the intersection of which will indicate the position of the user. E-ODT is sometimes referred to as Observed Time Difference of Arrival (O-TDOA).
Advanced Forward Link Trilateration (A-FLT)
is similar in principle to E-OTD. However, it is only implemented in networks that use Code Division Multiple Access (CDMA) as a mechanism for encoding signals. Technologies based on CDMA will be deployed in some 3G networks.
Assisted GPS (A-GPS)
is an innovative technique that has received widespread attention. GPS units are dispersed throughout the network coverage area (e.g., one at each base station). These can then indicate to the handset what satellites it should use. Once the handset has read the appropriate signals, it can then transfer this data back to a server for processing (i.e., calculating position). Note how easy it is to incorporate DGPS into such a system! Deploying such systems in real life has proved technically challenging. The E-911 directive was originally scheduled to come into force in October 2001. However, this deadline passed without any network operator being capable of offering location information as part of standard E-911 calls. Ultimately, it is quite possible that a combination of techniques may be deployed: for example, A-GPS and TDOA (Zhao, 2000) . Each technique's weakness is complemented by the strength of the other. For example, in a high-rise urban neighborhood, GPS might encounter difficulties when visibility of the sky is reduced while TDOA might produce excellent results due to the proliferation of base stations in urban areas. Conversely, in rural areas, GPS will normally produce good results as it has an unrestricted view of the sky whereas TDOA might be compromised due to a scarcity of base stations.
HIPS: A Context-Sensitive Tourist Guide
Hyper Interaction in Physical Space (HIPS) (Benelli, Bianchi, Marti, Not, & Sennati, 1999 ) is a prototype application developed by the HIPS consortium for the dissemination of context-sensitive information to tourists. For example, a tourist equipped with a HIPS-enabled device would, while visiting a museum or roaming a city, have access to a variety of personalized information as well as other standard location-aware services. However, meeting the needs of a cultural tourist is of particular importance. HIPS addresses these needs by providing personalized multimedia presentations about various cultural attractions. These attractions can range from museum artefacts to monuments to large historical buildings. In addition, HIPS can also provide little gems of information about items that, to the general tourist population, would not be regarded as significant, but might be intriguing to a tourist with a specific personal or interest profile. For example, some scientist might, while living in a certain house, make an important discovery that the general public would consider obscure but to someone with an interest in the history of science it could be fascinating. Alternatively, somebody might have made a significant contribution to the arts in a particular country. Clearly, information concerning that personage would be of interest to people of a certain nationality but not to anyone else. The overall goal of HIPS is, therefore, to provide an infrastructure that facilitates the simultaneous navigation of a physical space and its corresponding information space while simultaneously providing adaptive and personalized views of that information space to people within it. The HIPS concept is equally applicable both to indoor and outdoor environments. In principle, it's a question of just swapping locationsensing mechanisms, for example, GPS might be used outdoors while Infra-Red (IR) could be deployed indoors.
Another feature of HIPS is that it facilitates what is termed the connected community experience. HIPS achieves this by supporting a mechanism termed Hotspotting. This allows tourists to record their observations and make them available to other tourists who will subsequently visit the same attraction. In this way tourists can share their experiences with each other and, indeed, with posterity. Hotspotting thus permits users to annotate the content contained in the tour guide, offering the ability for tourists to contribute to a "collective memory" of the experience. Another use of hotspotting is the prerecording of sound snippets by both famous people and acknowledged experts in various domains. These can then be presented to the general tourist population under the guise of hotspots.
HIPS Components
When describing the HIPS architecture, it may be considered as consisting of both software for facilitating interaction with the tourist and software for supporting the tourist. In computer parlance, the former may be referred to as a client and the latter as a server. The HIPS architecture is now considered under these headings.
HIPS Client.
A HIPS client is, at it simplest, a handheld computer that is capable of displaying multimedia presentations. It must also facilitate wireless connectivity and provide some location-sensing mechanism. Information about the tourist's activities is continuously monitored and sent back to the server. Examples of this might include movement or lack of, presentation activation, or content augmentation. The client also listens for any data the server may chose to send to it. It is responsible for maintaining the data connection with the server.
Two modes of interaction are supported:
• Implicit: As the tourist interacts with the physical environment (essentially by roaming within it), the possibility and desirability of offering some information to the user is continuously monitored.
• Explicit: Should a tourist require further information on a particular exhibit, they have the option of querying HIPS further. Of course, information of a more mundane nature may be also required (e.g., the nearest restaurant).
HIPS Server. The HIPS server is a sophisticated system for supporting roaming tourists. Some of its complex components include:
• Multimedia Database: Models of the physical world, as well as a repository of multimedia elements used for user presentations, are maintained by the database.
• User Model Application: The User Modeling component stores and continuously updates its knowledge base about user interests, user interaction history, and user movement with the environment.
• Presentation Planner: After consulting both the database and User Modeling component, the Presentation Planner dynamically builds person-CONTEXT-SENSITIVE TOURIST GUIDE 41 alized presentations and dispatches them to the client.
Refining HIPS for Outdoor Use
While the HIPS concept is equally applicable both indoors and outdoors, discussion is restricted to issues concerning the deployment of HIPS in an outdoor domain. While refining the HIPS concept for use outdoors, two objectives were kept in mind:
• Ease of deployment: It was considered of fundamental importance that HIPS made maximum use of preexisting technologies and offthe-shelf components. In contrast, when working in a museum, for example, a specific technological infrastructure can be developed from scratch. However, problems can arise if the museum itself is located in a building of historical importance. Curators tend to frown on enthusiastic researchers ripping up floors and walls for cabling purposes. Outdoors, such a scenario would not arise if only for economic reasons.
• Portability: Fundamental to the HIPS concept is the notion of portability and rapid deployment. Obviously, the maximum use of off-theshelf components contributes to this. The development of a suite of tools to facilitate rapid database assembly for a particular city is also essential. Thus, a content assembler equipped with a GPS receiver, video recorder, and sound recorder can adequately compile the content whereupon the HIPS content management toolkit will enable the rapid association of the content with both location and presentation style. Indeed, an example HIPS information space was developed for the Swedish town of Jönköping by just using these tools. A third aspect to the portability requirement concerns the device that the tourist actually carries. Clearly, the tourist should not be restricted in their choice of handheld device and HIPS should endeavor to reflect this.
Identifying a Platform for HIPS
When considering what hardware and software combination would be most suitable, a number of options were considered within the context of those objectives that had been predefined for HIPS. In addition, market considerations had to taken into account and some calculated guesses had to be made as to which software technologies would prevail. Ultimately, it was decided to develop within an all Java environment. Java could be used on both the server and the client. It was portable between various platforms and its networking capabilities were excellent. Underpinning the entire HIPS concept is the requirement for a sophisticated database. Having considered some of the more popular PCbased packages, it was observed that these were inadequate as they were not portable. In addition, their support for those features that HIPS would require (i.e., an ability to handle both multimedia and spatial data) was limited. It was decided to use IBM's DB2 for the initial prototype and to review the situation at a later stage. As well as working on numerous platforms, DB2 can be extended to support various multimedia data types. In addition, it can interface with a commercial GIS if required. When considering the spatial data required by HIPS, it was decided to initially develop software in-house for manipulating spatial data and implementing spatial logic. Should the HIPS concept prove successful, integrating a full GIS could be considered.
In contrast, identifying a platform for hosting the HIPS client proved more problematic. Several commercial PDAs were considered but, on detailed examination, were found inadequate. Some did not support sound while others could not display color images or video as they had monochrome screens. Integrating individual thirdparty hardware components was frequently difficult. Needless to say, support for the particular combination of devices that HIPS would require proved impossible. Rather than wait for the technology to develop, it was decided to host the client on the smallest available laptop that would support HIPS. In these circumstances, the Toshiba Libretto proved the most suitable. It occupies a particular niche as it is not a PDA but neither is it a full-fledged laptop.For HIPS, however, it has proved an ideal testbed as indeed it has for other research projects.
From a specification perspective, the Libretto consists of a Pentium 233 MHz processor, a 4.3-GB hard disk, a color display (800×480 resolu-42 O'GRADY AND O'HARE tion) and 64 MB RAM. In addition it can both play sound through in-built speakers and record sound through an external microphone. A standard serial port is provided along with two expansion slots for PCMCIA cards. The Libretto comes with Windows 98 preinstalled. If required, Linux can also be installed. Though physically small, the Libretto offers a very powerful and flexible platform for HIPS. It will run most software packages normally found on conventional desktops, including Java and DB2. Because of this, developing for the Libretto has proved straightforward. For development purposes, a standard desktop is used. When testing, the entire HIPS system can be placed on the Libretto and taken outdoors. For determining position, a Garmin GPSII+ is connected to the serial port. Its output complies with the NMEA 0183 v2.0 specification so it can be parsed and interpreted by the client. For testing purposes in the laboratory, a GPS simulator was developed. HIPS has also been successfully tested with a GPS PCMCIA card, which makes the system far less cumbersome when testing outdoors. However, unlike the Garmin, it does not have an antenna so the time to first fix (TTFF) is usually of the order of between 3-4 minutes whereas the Garmin usually obtains a satellite fix in less than 1 minute. As orientation is considered a key component in HIPS, support for an electronic compass is essential. Surprisingly, it proved impossible to buy a commercial model that was designed for personal use. Most of the available models were designed for integration with other marine electronic equipment. To overcome this problem, an electronic compass was commissioned especially for HIPS. This connects to a standard serial port and outputs an orientation reading every second.
Ultimately, it is planned to deploy HIPS in a wireless environment with the client communicating with the server via a wireless network. Choosing a wireless technology was easy: GSM is deployed worldwide and supports mobile data. In some cases, network operators have augmented the basic GSM data service with High Speed Circuit Switched Data (HSCSD), thus improving the available data rates fourfold. To avail of these services, the Nokia Card Phone v2.0 was selected. This is a standard PCMCIA card that supports basic GSM data and HSCSD.
Architecture
The architecture of HIPS is shown in Figure 1 and its key components are described.
Localization Module. Obviously, determining the position and orientation of the tourist while ensuring that all readings are consistent is fundamental. This module continuously monitors both the GPS receiver and the electronic compass and, after verifying the integrity of the data, proceeds to broadcast it to the other relevant components and, periodically, to the server. If a compass is not available, the Localization Module utilizes the GPS heading though this is not as accurate as the compass. For example, if a tourist is walking along a street, both readings would more or less match. However, if the unfortunate tourist gets confused at some junction and wanders about in a small area, the GPS heading will not give as correct a reading as the real-time compass. However, it does provide a reasonable alternative. At present, both the compass and the GPS receiver are continuously monitored. While this is feasible on the Libretto, a less computationally intensive strategy (e.g., polling at regular intervals) may be more appropriate for a PDA.
User Interface Module. This module manages the user interface and interprets interactions from the user. Under normal circumstances, a map is dis- played with the tourist's position and orientation highlighted. As position and orientation are continuously changing, the map must be automatically updated and scrolled. Currently a raster image is used for the map. Before being deployed, this image must be geocoded (i.e., encoded with geographical information that facilitates the determination of position and other information) using a GIS. When the tourist is within an activation zone of a given attraction, a presentation is dispatched from the server. On receiving the presentation, the User Interface Module arranges to display it immediately. Monitoring and responding to any user interaction is also the responsibility of this module. A record of all tourist interaction is sent back to the server for processing and for refining the individual's user model. After a certain time interval has elapsed, and, if there is no explicit user activity, the presentation is removed and map is displayed once again.
Communications Modules. Existing in both the client and the server, these key components are responsible for managing all communication requirements. Currently, TCP is used over a standard IP connection (for development purposes). Outside the laboratory, however, the GSM data service, HSCSD, is usually used. Though HSCSD supports data rates of up to 40 kb/s, it is already evident that this is not adequate for on-the-fly content delivery. For an acceptable user experience, some additional techniques must be utilized. For example, these may include incorporating more effective data compression algorithms or, perhaps, implementing some intelligent precaching policies for data transfer.
User Modeling Application. As its name suggests, this is responsible for managing and updating individual user models. For example, after a tourist has listened to a presentation, a record of their interaction (i.e., what they have actively selected for listening and, implicitly, what they have ignored) is sent back to the server. The User Modeling Application processes this and updates the user's interest model accordingly. All future presentations will reflect these updates. A user model may be regarded as comprising a user profile and an interest profile. The user profile includes information about the user's language, nationality, age group, and occupation whereas the interest profile lists their interests. While the interests of an average tourist population are large, the User Modeling Application currently restricts tourists to selecting some combination of six interests. These are arts, architecture, folklore, history, literature, and religion. As HIPS evolves, this list will have to be expanded considerably.
Presentation Planner. This component is responsible for building personalized presentations for tourists. A presentation can only be personalized after the User Modeling Application has been interrogated. By comparing the position of the tourist with those of all the attractions registered in the database, the Presentation Planner can determine if the tourist is within an exhibit's activation zone and whether a presentation is required. If the exhibits are clustered, as is sometimes the case, then orientation is used to disambiguate between them. However, careful design of the information space should minimize the occurrence of such scenarios. After deciding that a presentation should dispatched, it proceeds to query the User Modeling Application, and, after comparing the user's interests with what is available in the multimedia database, a presentation is assembled and dispatched to the client.
Hotspot Server. To support the Hotspotting functionality of HIPS, a component termed the Hotspot Server was developed. After the tourist records some comments on the client, the recording is uploaded to the Hotspot Server, which, after some further processing, stores it in the database. After the presentation planner has assembled a presentation, it queries the Hotspot Server for a list of relevant hotspot annotations and attaches them to the presentation. Relevance is determined by considering the author's profile, the tourist's interest's profile, and timestamp of the hotspot.
Multimedia Database. In essence, the database layer consists of a primary database and a suite of content management tools. The data stored in the database can be classified as follows:
• Geo-spatial related: All physical maps are stored in the database as well as their geocoding parameters. The position of all tourist attractions must also be stored as is the preferred orientation (if any) for any tourists approaching the attraction. Both position and orientation are the triggers for building and dispatching presentations.
• Multimedia related: All presentations consist of some combination of images, sounds, and video. These media elements and associated metadata, including their relationship to the various tourist attractions, are registered in the database.
• User Model related: All potential users of HIPS must be preregistered. Some indication of their user profile (language, nationality, etc.) and interest profile (arts, literature, etc.) must also be given to HIPS. After a presentation has been played, the interest profile is updated according to what the tourist has actively selected while listening to the presentation.
• Hotspot related: The sound file associated with each hotspot as well as the relevant exhibit and some data concerning the creator of the hotspot (e.g., the language used by the creator) is stored for each hotspot.
Closely associated with the database is a Content Management toolkit. This consists of a suite of tools, the most important being:
• GIS Editor: This facilitates the registration of geocoded maps, as well as the various exhibits that comprise the HIPS information space.
• Media Editor: All the media elements associated with the various exhibits must be first registered in the database after which they are available for inclusion in a presentation.
• Link Editor: All links must be first defined in the database. As well as associating the appropriate media elements with a link, some indication must be given as to what type of user profile such a link would appeal to. For example, should the link be shown only to people of a certain nationality? Or should it be shown only to those people who have demonstrated a strong interest in a certain area (e.g., architecture).
• Profile Editor: This allows tourists to register with HIPS. Some indication of both their personal profile and their interest profile must be specified. While using these as a basis, at least initially, the User Modeling Application will subsequently adjust them in light of any user interaction while using HIPS.
What the Tourist Experiences
As a tourist wanders about a city, they have at all times access to a map with their position and orientation outlined. On encountering some exhibit, a Figure 2 . A series of screen snapshots taken from the HIPS implementation for Dublin. The tourist can see her/his position on the map at all times. In this case, the National Gallery is being visited. presentation similar to that shown in Figure 2 is displayed.
All presentations follow a similar structure and consist of an image, title, and a number of links. Initially, the image merely serves as a confirmation to the tourist that he/she is at the relevant exhibit. The sound script associated with the first link generally reinforces this. The tourist, using the gameboy controls, may then select any of the following links. Note that these controls are contextualized (i.e., their meaning changes according to the current activity). For example, the "Play" button becomes the "Stop" button for the duration of a sound script. In this way, maximum use can be made of a small number of buttons available on modern PDAs. Recall that the user model has recommended all the available links, so, theoretically at least, all links should be of interest. When the tourist selects a link, the image may change to indicate some specific feature of the exhibit, assuming of course that the topic of the link requires this and a new sound script is played. A video file may also be played as part of the presentation. Some links may be expanded to reveal further links. However, this will only happen if the topic of the link merits it. Generally, this feature is restricted to very specialized subjects for which there is a great deal of information available. For simplicity reasons, only two levels of links are supported. At the end of the suite of links is a list of available hotspots, which the user may listen to. Alternatively, the tourist may chose to record their impressions and share them with the wider tourist community via the Hotspot facility (Fig. 3) .
Conclusions
The development and deployment of electronic tour guides is feasible. Further developments in wireless telecommunications and position-sensing technologies will make implementation practical and economical. Initial tests carried out here on the university campus indicate that people would use such a system provided it was simple to use and reliable. Current handheld technology is one of the limiting factors. Clearly such a system would require significant communication and multimedia handling capability. While deploying such a system on the current generation of high-end PDAs is possible, it is probable that the next generation will be capable of supporting systems such as HIPS. Given the rapid strides being made in PDA technology at present, this should occur in the near future. At present, ongoing work by the authors is seeking to develop a new tourist guide that extends the underlying intelligence of the system by utilizing Multi-Agent System techniques. Early demonstrators of this system have been tested on a Compaq IPAQ. Figure 3 . A series of screen snapshots taken from the HIPS implementation for Siena. In this case, the tourist takes advantage of the HIPS Hotspotting functionality to record his comments on the "Duoma" for sharing with the general tourist community.
GPS is subject to signal degradation in certain environments. Ideally, it should be augmented with another system. The integration of a cellular-based mechanism would useful as a backup system but the best solution would be either DGPS or A-GPS. The implications of such a step need to be investigated further as it may have an adverse effect on system performance. Wireless connections are prone to frequent failure, at least in comparison with their fixedline cousins. Clearly, a robust mechanism of managing wireless connections needs to be put in place. Ensuring that HIPS will work with 2.5G and 3G networks is also essential. A third area that requires further research is that of User Modeling. While a reasonably simple implementation is in place, the use of more sophisticated techniques (e.g., Collaborative Filtering) might lead to a more satisfactory user experience.
Though there has been much research into the behavior of tourists, the use of electronic guides such as HIPS offers further opportunities to enhance understanding of tourist behavior, particularly in an outdoor context. Location-aware services as a general concept raise a number of ethical and legal issues. These include security, user privacy, etc. Obviously such issues have implications for everybody, including tourists, and the successful resolution of these issues is a prerequisite for the widespread deployment of electronic tourist guides.
